Background: Amoebiasis is the third most common parasitic cause of morbidity and mortality particularly in countries with poor hygienic settings. There exists an ambiguity in the diagnosis of amoebiasis, and hence arises a necessity for a better diagnostic approach. Serine-rich Entamoeba histolytica protein (SREHP), peroxiredoxin and Gal/GalNAc lectin are pivotal in E. histolytica virulence and are extensively studied as diagnostic and vaccine targets. For elucidating the cellular function of these proteins, details regarding their respective quaternary structures are essential which are not available till date. Hence, this study was carried out to predict the structure of these target proteins and characterize them structurally as well as functionally using relevant in-silico methods.
15 Background: Amoebiasis is the third most common parasitic cause of morbidity and mortality 16 particularly in countries with poor hygienic settings. There exists an ambiguity in the diagnosis 17 of amoebiasis, and hence arises a necessity for a better diagnostic approach. Serine-18 rich Entamoeba histolytica protein (SREHP), peroxiredoxin and Gal/GalNAc lectin are pivotal 19 in E. histolytica virulence and are extensively studied as diagnostic and vaccine targets. For 20 elucidating the cellular function of these proteins, details regarding their respective quaternary 21 structures are essential which are not available till date. Hence, this study was carried out to 22 predict the structure of these target proteins and characterize them structurally as well as 23 functionally using relevant in-silico methods.
24 Methods: The amino acid sequences of the proteins were retrieved from National Centre for 25 Biotechnology Information database and aligned using ClustalW. Bioinformatic tools were 26 employed in the secondary structure and tertiary structure prediction. The predicted structure was 27 validated, and final refinement was carried out.
28 Results: The protein structures predicted by i-TASSER were found to be more accurate than 29 Phyre2 based on the validation using SAVES server. The prediction suggests SREHP to be a 30 extracellular protein, peroxiredoxin a peripheral membrane protein while Gal/GalAc was found 31 to be a cell-wall protein. Signal peptides were found in the amino-acid sequences of SREHP and 32 Gal/GalNAc, whereas they were not present in the peroxiredoxin sequence. Gal/GalNAc lectin 33 showed better antigenicity than the other two proteins studied. All the three proteins exhibited 34 similarity in their structures and were mostly composed of loops.
35 Discussion: The structures of SREHP and peroxiredoxin were predicted successfully, while the 36 structure of Gal/GalNAc lectin could not be predicted as it was a complex protein composed of 37 three sub-units. Also, this protein showed less similarity with the available structural homologs.
38 The quaternary structures predicted from this study would provide better structural and 39 functional insights into these proteins and may aid in development of newer diagnostic assays or 40 enhancement of the available treatment modalities.
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INTRODUCTION
46 Amoebiasis is one of the most common parasitic disease and is associated with high morbidity 47 and mortality (Que & Reed, 2000) , killing about 50 million people each year, predominantly in 48 countries with poor hygienic settings (CDC, 2010). Amoebiasis remains a serious public health 49 problem even today particularly in the developing and under-developed countries. Globally, the 50 prevalence is 2%-60%, whereas in India it ranges between 3.6%-47.4% (Khairnar & 
71
The aim of the current study is to predict the structure of these target proteins and to 72 characterise them structurally as well as functionally using relevant in-silico methods.
MATERIALS AND METHODS
1. PROTEIN SEQUENCE ANALYSIS
76 Amino-acid sequences of the target proteins included in this study were retrieved from National 77 Centre for Biotechnology Information database (NCBI) and aligned using ClustalW software to 78 determine the appropriate sequence for protein structure prediction. Using sequence similarity 79 model, the availability of the structural homologs for the retrieved sequences was verified from 80 the available structures present in the protein data bank (PDB). The overall workflow of the 81 present study has been summarized in Figure1. 82 2. PHYSIOCHEMICAL PROFILING 83 Using the target protein sequence as template, its molecular profile was determined using 84 Protparam and Predict Protein and the structural properties of the protein were predicted using 85 SOPMA, SAPS and FindMod. The solubility of these proteins was predicted using Predict 86 Protein. The presence of signal peptides within the amino-acid sequence was verified using 87 SignalP 4.1 server. Sub-cellular localization of the proteins within the cell was predicted using 88 PSortB. The antigenicity of these proteins was predicted using Predicted Antigenic Peptides and 89 the predicted results were further validated using EMBOSS.
3. COMPARATIVE STRUCTURE MODELING
91 The similarity with the available protein homologs in PDB was found to be less than 40%.
92 Hence, the structure of the protein was predicted by fold recognition methodology using i-93 TASSER and Phyre2 prediction server.
4. STRUCTURE VALIDATION AND REFINEMENT
95 The protein structures generated using i-TASSER and Phyre2 servers were then validated by 96 SAVes server. The energy levels were minimized, and the structures were reformed based on the 99 RESULTS
100
The sequences AAA29117.1, P19476.2 and XP_656181.1, were found most suited for 101 structure prediction of SREHP, peroxiredoxin and Gal/GalNAc lectin respectively as they had 102 the entire stretch of amino acids comprising the N-terminal as well as C-terminal ends.
103
The molecular profile of the proteins as predicted by SOPMA, SAPS and FindMod servers 104 has been described in Table 1 .
105
The results of Predict Protein suggest that SREHP is an extracellular protein; peroxiredoxin 106 is a peripheral membrane protein and Gal/GalNAc lectin is a cell-wall protein. Signal peptides 107 were found within the amino-acid sequences of SREHP and Gal/GalNAc lectin. However, no 108 signal peptides were found within the peroxiredoxin sequence, and this finding is consistent with 109 that from a previous study (Clark, 2007) .
110
SREHP contained three antigenic determinants with an average antigenic propensity of 111 0.9748; peroxiredoxin possessed 11 antigenic determinants with an average antigenic propensity 112 of 1.0318. But, Gal/GalNAc lectin had 51 antigenic determinants with the maximum average 113 antigenic propensity of 1.0410. Thus, it is known to be critical in eliciting anti-amoebic host 114 immune response mechanism(s) (Rasti, 2006) .
115
The predicted structures suggest that SREHP contained 51.5% loop, 30.9% helix and 17.6% 116 strands; peroxiredoxin had 57.51% loop, 27.9% helix and 14.59% strands and Gal/GalNAc lectin 117 comprised 67% loop, 25.5% helix and 7.4% strand. Thus, all the three proteins were found to be 118 primarily composed of loops followed by helix and strands.
119
The tertiary structures of SREHP and peroxiredoxin were successfully predicted using i- 
137
The details regarding physiochemical properties of these proteins such as their quaternary 138 structure, antigenicity, structural and functional properties will be informative and may assist in 139 identifying their role in disease progression. As the crystal structures of these proteins are not 140 available, we have predicted the structures using in-silico methods which would assist in further 141 exploring these target proteins as diagnostic markers, drug targets and vaccine candidates.
142
The structures of SREHP and peroxiredoxin were predicted successfully, and on validation 143 they were found to be more than 95% accurate which implies a good probability of the predicted 144 structure being existent in nature. As, Gal/GalNAc lectin is a complex heteromeric protein 145 composed of three sub-units, and its similarity with the available protein homologs was 146 comparatively low. Therefore, the functional structure of this protein could not be predicted.
147 However, the structures of the subunits have been predicted although they could not be 148 assembled accurately. The structure of Gal/GalNAc lectin needs to be determined either by X-149 ray crystallography or NMR methodology.
150
Peroxiredoxin plays an important role in the parasite defence against the reactive species of 151 the host. This protein is critical in the extra-intestinal phase of amoebic infection (Cheng, 2004) .
152 In-depth characterization of its activity and its functional properties are available (Arias, 2012), 153 however, its structural properties are undetermied. In our study, we found peroxiredoxin to be 154 the most stable of the three proteins with an instability index of 54.79, which is remarkable.
155 Given its high stability and its pathophysiological role in extra-intestinal amoebic infection, this 
